Thermosensitization by increasing intracellular acidity with amiloride and its analogs.
The major mechanisms that regulate the intracellular acidity of pHi in mammalian cells are the Na+/H+ exchange and HCO3-/Cl- exchange through the plasma membrane. The purpose of this study was to investigate the feasibility of increasing the thermosensitivity of tumors by increasing intracellular acidity with the use of drugs that inhibit the pHi regulatory mechanisms. The pHi of SCK tumor cells in vitro was determined with the fluorescence spectroscopy method. The thermosensitizing effects of the drugs on the cells in neutral (pH 7.2-7.5) and acidic (pH 6.6) media were determined by clonogenic assay. The thermosensitization of SCK tumors in vivo by the drugs was determined with the tumor growth delay and the in vivo-in vitro assay for clonogenic cells. The pHi of SCK tumor cells in pH 7.2-7.5 media was similar to the media pH, while the pHi of the cells in pH 6.6 media was about 7.0. The pHi declined and the thermosensitivity of the tumor cells increased when the Na+/H+ exchange was inhibited with amiloride (3,5 diamino-6-chloro-N-(diaminomethylene) pyrazinecarboxamide) and its analogs, HMA (3-amino-6-chloro-5-(1-homopiperidyl)-N-(diaminomethylene) pyrazinecarboxamide) or EIPA (3-amino-6-chloro-5-(N-ethyl-N-isopropylamino)-N-diaminomethylene) pyrazinecarboxamide), especially in acidic medium. The potencies of HMA and EIPA to decrease the pHi and increase the thermosensitivity in vitro were more than 50 times greater than that of amiloride. DIDS (4,4-diiosothiocyanatostilbene-2,2'-disulfonic acid), an inhibitor of the Na(+)-dependent HCO3-/Cl- exchange, exerted little effect on the pHi and thermosensitivity of SCK cells in vitro, but it enhanced the effects of amiloride and its analogs. Amiloride and HMA also significantly enhanced the thermal effect on tumors in vivo, as judged by the tumor growth delay and also by the in vitro-in vivo assay for clonogenic cells. Combinations of DIDS with amiloride or HMA were more effective than either of them alone in increasing the thermal damage in vivo. As in vitro, HMA was far more potent than amiloride in increasing the thermosensitivity of tumor cells in vivo. However, EIPA was not effective in vivo, probably due to a rapid metabolic breakdown of the drug. The drugs that interfere with the pHi regulatory mechanism significantly thermosensitized the tumor cells in vitro, particularly those in acidic media. The drugs were also effective in increasing the thermosensitivity of tumors. Because the interstitial environment in tumors is acidic relative to that in normal tissues, the thermosensitization by the drugs may be greater in tumors than that in normal tissues.